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ABSTRACT

The llnearizaUon and simplification of a nonlinear, literal model for flexible aircraft
is h [ghllghted. Areas of model fidelity that are critical if the model is to be used for
control system synthesis are developed and several simplification techniques that can
deliver the necessary model fidelity are discussed. These techniques include both
numerical and analytical approaches. An analytical approach, based on first-order
sensitivity theory is shown to lead not only to excellent numerical results, but also to
closed-form analytical expressions for key system dynamic properties such as the
pole/zero factors of the vehicle transfer-function matrix. The analytical results are
expressed in terms of vehicle mass properties, vibrational characteristics, and rigid-
body and aeroelastic stability derivatives, thus leading to the underlying causes for
critical dynamic characteristics.
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AilB j - cm-Z(ri Ibr? = A i IBj

A - BjbrT.lr = A
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_.(s) det [AilB j]

Uj(s) det [A]

Zr(S)
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7/q



CASE I
m

v

m

1,1-
o

_o

L.

"r_Co "/_J Y(s)=M(s)Z(s)

/_ $do f El(S),= dot[AllBj]/det[A]
uj(s)

Y = M N(s) + MrNr(S)

E(s) = G(s) - G,(s) = m,(sT- A,)-_B,
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Table 10. Transfer Functions For the True Model

gains

zeros

poles

(ft/s2/deg)

52.01

6.473E-5

-.008887

-.01958 +j 1.661

(rad/s/dcg) (fCs2/dcg)

-244.58.001

0

-.05103

-.2020

1.087E-4

-.008093

.1703±jl.795

(rad/s/dcg)

15.65

0

•-.05541

-.I172

-.3610±jli.00

-1.003±j11.13

1.549±jli.71

-3.144±j14.34

3.642

-4.020

-.3610±j11.00

-2.838±j12.71

.5735±j13.41

-.8996±j4.132

-.2252±ji0.77

-.3607±jli.00

-2.601 ±j13.06

-.5973±j2.912

-.2556±ji0.68

-.3562±ji0.99

-2.564±j13.12

.03324

-.04268

-.4513±ji.171

-.4408±j6.010

-.2240±ji0.78

-.3611 ±jl 1.00

=2.558±j13.05
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Table 14. Lower--Order Transfer Function Forms

K_:S[S2+ sp(2_O)aS:S+ sp(O)a,]Is +
G_'(s)= D(s)

G_(s) =

K_'s[s +
1 S. 1 82 1

sp(-_")q,][S "1" fll(T)qp][s -I- fl2(T)qp ]

D(s)

28, 2 2&
K_s[s2+ sp(2_0_l_s+ sp(C0)_,l[s+ n(2_col_s+ n(O_),,l

G_(s) = D(s)

G_(s) =
1 & 2 fi(2_)_ s + fl(0_2)_]K_S[S+ ,p(¥)q,l[S +

D(s)

where D(s)=s[s 2 + (2_CO)spS + (c02)sp][ $2 + (2_co)ns + (c°2)fl]
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